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Little is known about phosphorus metabolism in plants suffering from moisture stress. Several metabolic processes, which are completely dependent upon phosphorylated intermediates, are noticeably affected by moisture stress conditions. Photosynthetic rate decreases markedly in severely stressed plants (13) . Rate of fixation of CO2 in the dark decreases (12) . Above a diffusion pressure deficit (DPD) of about 5 atmospheres, incorporation of glucose into cell-wall polysaccharides decreases with an increase in DPD (10) . Such observations indicated the importance of determining the effects of moisture stress on phosphorylated intermediates involved in these processes.
In the present study, subterranean clover plants (Triofolium subterraneum L. cv. Mt. Barker) were subjected to a brief period of soil moisture depletion. Moisture stress caused decreases in a number of organic phosphorus compounds. Increases in concentrations of organic phosphorus compounds during a 24-hour period after irrigation indicated a partial recovery from the effects of moisture stress.
Materials and Methods
Growth of Plants Fractions in peak IV containedl e(qual amlounts of phosphate and hexose (antlhrone (letermination). Glucose-6-P and fructose-P andl perhaps small anmounts of other sugar phosphates were present in peak IV. Fructose-P, identifiedl on the basis of its spectrum in the cysteine-carbazole reaction, was detected in the trailing fractions of peak IV. Fructose-P accounted for about 14 % of the phosphorus in peak IV. All fractions of peak IV except those containing fructose-P were comlbiine(d andl glucose-6-P to 400 mesh, 1 X 40 cm). The indicated gradieilt was obtained using a 5-chamber variable gradient device (9) .
Formic acid conicenitrationis in chambers 1 to 5 were initially 0.25, 2.0, 4.0, 4.0, and 3.0 N, respectively. In addition chambers 4 and 5 contained 0.6 M alnd 0.8 m ammonium formate, respectively. Initial chamber volume was 500 ml. Flow rate was 40 ml per hour. The phosphorus compounds were extracted from 10 g (dry wt) of plant material.
was dletermline(d in the glucose-6-P (lehyrlrogenase assay using a purifiecl enzyme obtained froml a comllmercial source. Glucose-6-P accounte(d for 86 G< of the phosphorus in these fractions. Fractions containing fructose-P wN-ere not used in the assay becauise the enzyme preplaration slowly isomlerizedl fructose-I1.
Fractions in peak XVI contained over 90() I1i as determined by phosphate analyses before and after acid hy(drolysis. P-glycerate from subterranean clover and(l autllenitic P-glycerate gave identical spectra in the chrolmiotropic acidl reactioin (5 per /smole of P using glucose as the standard). ATP added to an extract of P32-labeled plant material was eluted with peak XI; however, paper chromatography of peak XI indicated that although a small part of the phosphate traveled with ATP, the major component of peak XI was not ATP. Travel of the identified compounds from subterranean clover with authentic compounds on anionexchange columns and paper chromatograms corroborated these identifications (table I) . figure 2 .
Change in Concentration of
Percentage soil moisture, soil moisture tension, relative turgidity of the unifoliate leaf, and moisture content of the unifoliate leaf at harvest are given in The single drying cycle did not have a measurable effect on dry weight of top growth. The average for the 4 treatments was 2.8 g per flat.
The elution chromatogranms for plants not irrigated for 0, 6, and 8 days are shown in figure 3 . While the position of peaks varied only a few fractions among columns, differences in the separation of closely associated peaks may be noted. In some instances peak V was clearly distinguishable from Pi. UDPglucose sometimes appeare(l as a shoul(ler on the Pglycerate peak.
Total acid-soluble organic phosphorus renmainedI relatively constant in plants whose relative turgidity was from 80 to 100 %, but decreasecd in plants whose relative turgidity was from 50 to 75 % (fig 4) . In severely wilted plants (relative turgidity 20 to 45 %) the concentration of acid-soluble organic phosphorus decreased to less than half that in control plants.
The changes in amount of phosphorus in individual peaks or in closely associated peaks are sunmmarized in table III. Phosphorus represented by the base line was subtracted from the total phosphorus in each peak. adequate moisture to 12 smoles in severely stressed plants. Correction was not made for the small amount of phosphate in peak III associated with hexose-P. The combined P-glycerate and UDPglucose peak decreased to 11 umoles phosphorus per 10 g dry weight, approximately one-third that in control plants. In elution chromatograms where UDPglucose separated well from P-glycerate the concentration of UDP-glucose was approximately 2.5 ,moles per 10 g dry weight in control plants as compared with 1.6 ,umoles in severely stressed plants. A decrease in amount of unknowns IX, X, XI, and XII with increasing water deficit was also noted.
Moisture stress had no effect on unknown I. Reproducible results were not obtained for unknown II. The levels of inorganic phosphate were variable, but no change due to moisture stress was detected.
Recovery of Plants after Irrigation. Plants which had depleted soil moisture for 8 days were irrigated 24 hours before harvest. For comparison, a second group of plants were allowed to deplete soil moisture 8 days, but were not irrigated before harvest. The control plants were irrigated daily. The 2 replications were run concurrently. Plant material from 3 flats was used for a single analysis.
After 8 days of moisture depletion the relative turgidity of the first 2 sets of plants was similar (table IV) . The relative turgidity of plants after recovery from moisture stress was equal to that of control plants.
Results summarized in The primary effects of moisture stress may be many steps removed from the metabolic disturbance observed in this study. Evidently changes in metabolism occur which lower the steady state levels of phosphorylated intermediates. A disruption of phosphorylation processes (18) , increase in phosphatase activity (16, 17) , increase in respiration (18) (10) , for example, is partially due to low levels of UDP-glucose. Similarly, the rates of other reactions could be affected by changing concentrations of phosphorylated internmediates during drought and recovery.
Intermittent rainfall during growth of subterranean clover on ari(d rangelands results in periods of severe water deficit followed, at times, by adequate moisture. Under such conditions changes in levels of phosphorus conmpounds may be comI)arable with those observed in these experiments.
Summary
Concentrations of acid-soluble phosphorus compoun(ds in month-old Trifoliumsl suibterraneumzl L.
plants were measured at several stages of soil moisture depletion and after a 24-hour recovery from moisture stress. Phosphorylatedl compounds were extracted with 0.6 N HC104 at 00 andl separated on anionexchange columns. Concentrations of hexose phosphate, phosphoglycerate, uridine diphosphate glucose, and several unidentified phosphorus compounds decreased in plants whose relative turgidity was 50 to 75 %. In severely wilted plants (relative turgidity 20 to 45 % ), the concentration of most phosphorylated compounds decreased to less than half that in plants with a relative turgidity near 100 %. The concentration of inorganic phosphate, however, was not affected by nmoisture stress.
Plants which had depleted soil nmoisture until severe water deficits developecl were irrigated 24 hours before harvest. Levels of nmost organic phosphorus compounds which had decreased as a result of moisture stress showed a marked increase during the 24-hour recovery periodl.
